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Top Review w

The top quark was discovered (in ft Pair Lepton + Jet Decay
pairs) by CDF and DO in 1995. ‘
Jet 3 (anti-quark)
The [(IEE] quark ( ~ 175 GeV/c?) aq)
— Only fermion with mass near Jet i) |

EW scale; 40 times heavier than
the bottom quark

m Jet 4 (quark)

_ , Are we sure
Very wide (1.5 GeV/c?) s W, about the charge?
— The top quarks decay before antoroton beam proton beam
they can hadronize. N 'J
« We can study the decay of Helicity? & A
the bare quark. ¢/ ways a
b quark?
.
Fundamental question: Is it the neutrino ¢ 5 0 g
truth, the Standard Model fruth, and 3 ? ~
electron Jet 2 (b)

nothing but the fruth?
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5 Top Branching Fraction: The Data Sample w

Does t always decay to Wb? not Ws or d? Pp %t f X

To date, we have only confirmed seeing
top produced in pairs.

For this analysis, we use two distinct - J
samples (classified by W decays): Lepton + et jet

Dilent ¢ Event
— Dilepton events .@

— Lepton + jet events

Dileptons Lepton + Jets
Two high p; leptons (e, p) One high p; lepton (e, p)
Two high E; jets (Three or) Four high E; jets
Large missing transverse energy « Large missing transverse energy
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Top Dilepton Event at CDF

CDF Il Preliminary

Secondary Vertex

_ —
: Jet 65.6 Ge
/< >\ r."'lrul uon 24.2 GeV
E “--.+ 1 i
* + ] t: Muon 35._5_!_5':‘9-#"
5] H
- | e
t, v / ...............
. i /ﬂ
(I GATIINNNN .
- WW _ X“Y@EET 104 GeV

Charles Plager

We use these displacements
to “tag” b jets
(SecVix b tagging algorithm).
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__ B(t—Wb) "
R = B(t—Wgq) w

» According to what we know about the CKM matrix, BR(t 2Wb) ~ 100%.

R = Ba=Wb) _ Vip|? 2 v,
] — — — VA
Bi—Wa) — VPFViePH VP — V0l

« We can measure R by looking at the relative rates of top candidate events with
zero, one, or two b-tagged jets.

« Assuming no background and that b-jets

are identified with efficiency «,, Assuming no background:

— N =Ny (1-Rg) = Ny &, R - ¢ — 2
- Ny=2Ny;Rg, (1-Reg,)=Ny g, b Nl/N2+2
- N2=Ny(Rg, ) =Ny €.
« The R measurement is therefore: — 1
— Sensitive to R g, 2No/N1+1
— Qver determined, and 1
— Largely independent of Ny and o(tt). —
v No/Na+1

g, IS measured separately (~40% for CDF).
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CDF’s R Likelihood

 We first need to estimate the total number of tt candidates:

Measured
Estimated

<. SOEC

b tags@‘\ Efficiency to have
— i jets b-tagged.

=1 when we loop over
0, 1, and 2 b- tags

tt —

* Qur likelihood is:
£(R)=HP(Nobsi|Nexpi) where Nexp; = Nit- € + Npack,

« Remember:

€, and therefore N, depend on R ¢,,.
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CDF Dilepton and L+J Numbers

Lepton 4 Jets (L+J) 0O-tag 1-tag 2-tag
¢, (R=1) 0.45 £ 0.03 0.43 &£ 0.02 0.12 £ 0.02
a priori background 4.2+ 0.7 0.2+0.1 L
ANN background 58+5.1 0.11}0 f Ldt = 162pb™1
Total expected 380.4+5.2 21.5+4.1 50+ 1.4
Observed 79 23 5
Dileptons (DIL) O-tag 1-tag 2-tag
¢, (R=1) 0.47 £ 0.03 0.43 + 0.02 0.10 £ 0.02
a priori background 2.0£0.6 0.2+0.1 negl.
Total expected 6.1+0.4 40+0.2 0.9+0.2
Observed 5 4 2
£ CDF Run li W+4p, 53.4 + 7.6
.y . . © | |Preliminar B QCD multi-jet, 9.0
* In addition to using a priori background 510 | jLot - 162ypb-1 Wi 166276
estimates, we also use an artificial neural 2 | + Dars (0.180). 19
net in the L+J sample. = |
>
— Qur best 0-tag estimate =

[®2)
T T

« We see very good agreement bin by
bin.

0O 02 04 06 038 1
Neural network output
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z—\8
« We use both the Dilepton and the = Rl
Lepton + Jets data samples. N 6 Jedn= 1620? .
« Uses fﬁdt — 162pb_1 4 O—5 775 2 2.5g
CDF Il 097
+0.27 2 Preliminarp R = 1:12 -0-23/
« R =1.127552 (stat. + syst.) 0 T/
1 0.5 1 15 R
« We use a Feldman-Cousins F
construction to find our final answer: 0.8

R > 0.61 at the 95% C.L.

0.6

Il 95% C.L.
« Assuming three generations of quarks: I 90%C.L.
[] 68% C.L.
Vil > 0.79 at the 95% C.L.
Vibl 0.4 : 1'5R
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The D@ TR Measurement

« Uses 240 pb! lepton + jets sample

8 F
$ 2of D@ Preliminary e Data

« D@ Likelihood depends on both R S Ffrdt =240pb—1 O W-+jets
§roop I Multijet

« D@ uses “SVT” — Displaced
secondary vertices (similar to CDF)

« Uses lepton + jets events
— Likelihood discriminant in O-tag

[ Other

B it

22

Sample Number of tagged jets

R = 1. 03""8'11? (stat + syst)
o7 =7.9 "’1 5 (stat + syst)

iO 5 (lumi) pb o}
* Using a flat priorin R , D@ finds - 95% C.L.

R > 0.64 at the 95% C.L.
« Assuming three generations of quarks: % 6304 06 08 1 12 14 16 18 2
Vip| > 0.80 at the 95% C.L. P = WeyBi=1a)

D@ Preliminary

¢ : (pb)
[

68% C.L.

o N & O o
I||
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‘ Projected 95% Lower Limits of R versus Integrated Luminosity

1

Our R Reach

m A L
E CDF-0nly e
0.9 I e
FExtrapolation ... _—~—" ..
0.8F o S i
0.7} .-
0.6[ A )
0.5F e
- A Current measurement (160 pb™)
04— Expected 95% Lower Limit,
- syst. scales like stat
0.3F - t1o
E Expected 95% Lower Limit,
0.2 syst. never improves
N e t1o
0.1
0: | | | | L1 | I| | | | | L1 1 | |
2x10™ 6 420

Charles Plager

1 2 4 10
Integrated Eum %osity (fb )

PANIC 2005, October 24-28, 2005

Quick-and-dirty back of the
envelop calculation.

Assume R =1 (3 gen).
Ignores innovation.

If we keep systematic
uncertainties down, can be a
very promising measurement.

So What?
Could we test 3 generations?

If |Vs| = 0.1 and three generations,
2R =0.99

If four generations and, for example,
Vil = 0.5, 2R =0.96

Could CDF and D@ together

see evidence of this at the Tevatron?
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BRAND NEW RESUL-~T§¥§,_,,OId' Jet Charge Tagging

Why check top charge? on bb sample with other
« |sitreally top? jet tagged with p flavor.
) Lr?a\r\éveb—zcl)gld mean that top has D@ Run Il Preliminary
. o
How do we check top charge? E 0.06 | — |neorrected
« Double b-tagged lepton + jets sample. > :_°°"e°ted
~ Use kinematic fit to pair lepton with £ |
correct b jet. & 17 events. - 8004
+  Use an algorithm for determining the B MiXing and
“charge” of b jets. charm contamination
) CItrack*PT 0_02_-
djet — Zp |
« Two entries per event:
Q1= |+ dlepton + diepton b jet| 05 1
Q2 = | — diepton Tt dother b jet | Q, [e]
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Top Charge, cont.

Create two templates:
— top with 2/3 charge and background
— top with -4/3 charge and background

Use likelihood ratio: D@ Run Il Preliminary
2+ 11 Prob(top has 2/3 charge) Eﬁ_- — Qltop)=ze/3 [ Ldt = 360pb~1
A= 1 5rop(top has ~4/3 charge) ° - — Qltop)=-4e/3 -
1 =1 é 41 x Data
=11.5 210
Using pseudo-experiments, the 1 -
probability of seeing . = 11.5 or 5] ™
greater when the top charge = -4/3 ] I o
0 o g *
= Less than 6.3% probability. e ':ri‘ R
0 0.5 1 1.5 2

Reconstructed Top Charge [e]

CDF result with 1 fb-! coming...
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W Helicity from t-> W b Decays

Examines the nature of the tWb vertex, b
probing the structure of weak spini=1/2
interactions at energy scales near EWSB :pm -

w*
Stringent test of V-A interaction in SM: spin = 1

Standard Model expectations:

F, =0.7,F. =0.3and F, =0.0 -

W, Longitudinal W_ Left-Handed W, Right-Handed
fraction F,= 0.7 fraction F.=0.3 fraction F, =0.0

11 I-o 1] Il g II+1
TR I
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How We Measure W Helicity w

Lepton p+ cos(0™)
= 07F
L] L] L] L] L] L] L] L] L] g E
1 O 0.6
1 . = :
0025fF M —— left-handed W (-)- o5
| [ L
X longitudinal W (O) u.4il
0.02F —— right-handed W(*)] 03"
] 0.23—
fa -
0.015 | ;.,'i'l ,‘ﬂ: - 01:_;
":' p'ijfL J? D‘TL
ST & "‘ o ]
j ) T 1Y j Angle between charged lepton
d . . P TP, ] . . .
] W . and top direction in W rest frame.
0.005 '.l '-'_:'.':'_ = N -
| 54 . F::-:-‘- H |
0

0O 20 40 60 80 100 120 140 160 180 200
generator-level Lepton p ; (GeV)
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Lepton p; DO

« SM:f,=0.7,f,=0.0 f+: (fixing fo = 0.70)
DO: 0.13 + 0.20(stat + syst)

CDF: —0.181075(stat) +0.12 (syst)

« CDF’s f, result is low due to
“softer” than expected dilepton

prspectrum. g (fixing f4 = 0.0)
S0['COF Il Preliminary [T B CDF: 0.317037(stat) £0.17 (syst)
:/Ldt: 200 pb™! B _
501 £ 1 16f DZ Run Il Preliminary
Ewi 14:_ _______ —@— Data
E 40 g ] 12 ¢ ——— V-A tbar + Bkg Model
§ 103_ ...... V+A thar + Bkg Model
301 ] - I Bikg Model
'g 3 8_—. [ ] »
5 20'_ best fit | 6:_ "-"-: 370 pb
| ——— left-handed component | N
I —— longitudinal component | 4:— Rl ShbE
10__ ——— background component | I | ....... )
2_ ------
O 80 100 150 =200 250 30 % 20 40 60 80 100 120 140 160 180 200

charged-lepton p; (GeV) Lepton pt (GeV)
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SM: f, = 0.7, f, = 0.0

=)

CDF Run Il Preliminary (162 pb‘)

cos(0¥)

f4+: (fixing fo = 0.70)
0.00 £ 0.13(stat) £0.07(syst)
CDF: 0.23+0.16(stat) +0.08 (syst)

Py

-log(likelihood)

fo: (fixing f4 = 0.0)
CDF: 0.991022(stat) £0.19 (syst)

[ L£dt = 230pb~1

1
& Mo RO RONRBE

Events

O

T

5 0 05 1 15

Fq

—e— Data

— Best Fit
— Longitudinal
&
— Left-handed
Background

—@— DO data

tt— l+jets (V-A)
- == tt— |+jets (V+A)

background

o

19
-

Charles Plager

PANIC 2005, October 24-28, 2005

13
b

O
o
o

0.5

cosoO*
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W Helicity Summary w

« CDF and D@ combinations of p; and cos(0*):

f4+: (fixing fo = 0.70)
DO: 0.04 £ 0.13(stat) +0.07 (syst) or < 0.25 at the 95% C.L.
CDF: 0.00 4+ 0.20(stat + syst) or < 0.27 at the 95% C.L.

fo: (fixing f4 = 0.0)
CDF: 0.741022(stat + syst) or fo € [0.18,0.95] at the 95% C.L.
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Looking Forward

RRDT Lga
M,
._-y_-

» Lots of exciting top physics
happening at the Tevatron.

« Top branching fraction
— CDF and D@ agree:
|Vip| > 0.8

at the 95% C.L.

— Assumption about number of
generations = Can explicitly
test in future.

« Top charge
— Very exciting new D@ result!
— CDF 1 fb! soon.

« W Helicity

— (Most) everything looks like 0 U e P B - ey
Standard Model. Sl s e T G N g e
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A Quick Note About Scale w

: Cross Sections at 1.96 TeV

a ) E Total inelastic
Sm_ce we’re no.t.all 8
intimately familiar ¢ |
with hadron % 10" bb 1o
- o
colliders. S 16° Lub
168 W 4000
400
1o'm-nb :
Top: tt
. p. . 16'*Lpb @
1in 10 billion e chger
10" Higgs (ZH + WH)
- fb
10—16

100 120 140 160 180 200
Higgs mass (GeV)/c?
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The TeVatron w

* Proton-antiproton collisions at
1.96 TeV (Run |: 1.8 TeV)

« Peak Luminosity: > 1.4.1032 cm2 s,

« What’s new for Run II?

— Main Injector: 150 GeV proton
storage ring.

— Recycler: Antiproton storage ring

« Working well. | Tevatron
 Electron Cooling established. P>

« Total Integrated luminosity: ‘
— Currently, over 1 fb-1.
— Should have between 4 fb-"
and 9 fb-! by 2009.

Charles Plager PANIC 2005, October 24-28, 2005 Top Properties @ Tevatron 22



The Run Il CDF Detector

Similar to most colliding detectors:
— Inner silicon tracking

Central Muon Central Calorimeter (EMH)

_ Drlft Chamber Wall Calorimetgr (H) \/ =

- SOIGnOid Plug Calorimeter (E/MH)
— EM and Hadronic Calorimeters  forerdm
— Muon Detectors

. )
Ey L ot L
==

\

New for Run II;

— Tracking: 8 layer silicon and
drift Chamber Forward Calorimeter (E)
Luminosity Monitor

— Tngger/DAQ Time of Flight

entral Quter Tracker

Silicon Vertex Detector

— Better silicon, calorimeter and intermediate Silcon
muon coverage
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New central tracking inside 2 T =~ msis ===
solenoid
— Silicon vertex detector “ ”_
* b-tagging

— Scintillating fiber tracker
New forward muon system
New readout / trigger electronics

Charles Plager

The Run || D@ Detector

Muon Scintillators

Muon Chambers i
| .

Calorimeter

Toroid

S0cm

P —— ,-H’F - Monitor
| -_g L.

I - — _‘___1_4__”_.}_ T _ — _

Silicon Microvertex Tracker

PANIC 2005, October 24-28, 2005
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entries/20 GeV

CDF W Helicity from p-

251

20

15

10

Dilepton pT F|t

|

CDF Il Prellmmary ‘
def =200 pb~!

g

Fa
e data

best fit

LT

left-handed component |
longitudinal component

background component

50 100 150 200
charged-lepton p; (GeV)

Charles Plager

250

300

Combined pT F|t

60| CDF I Prellmlnary 18;_
/Ldt = 200 pb™! ‘ff
50

.Y
o
T

-log(L) +

- )
P i n e LY

® data

best fit

entries/20 GeV
W
(=]

left-handed component
longitudinal component

background component |

100 150 200
charged-lepton p; (GeV)
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250

300

entries/20 GeV

Lepton + Jets pT F|t

CDFII Prellmlnary =
30F / Ldt =162 pb ' " )
. = 12:
§10}
251 § ol i
2
? 1
20+ I ]
2
of,
151 ® data ]
L best fit
10+ left-handed component |
longitudinal component
5[ background component ]
0 . .
0 50 100 150 200 250

charged-lepton p; (GeV)
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Top Production at the Tevatron

» Pair production
= 6.7 pb.

cspair- theory

All of these theoretical values assume
a top quark mass of 175 GeV/c?

at a center of mass energy of 1.96 TeV. ! ¢
Ms channel
« Single top ] :

— Not yet observed (&)
Os-channel - theory =0.88 pb ! g !
O't-channel - theory — 1.98 pb v t channel

b t
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Calibrating the b-tagging Efficiency

Measure ratio of single- and double-tagged events
In b-enriched sample with soft (p>8 GeV) electrons

muon

€data 240 I 16%
EMC 29.2 +1.1%
ratio 82 4+ 6%

away jet

“Scale factor” measured on this sample is applied
to other samples, even if the efficiencies differ
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Other V,, Results

« J. Swain and L. Taylor (hep-ph/9712420) looked at V,, by
looking at EW corrections to Z - bb (no assumption of

unitarity): Vig| = 0.77;#8',12?
W > >
7 b 7 b
------------------ At
W b b

M
H
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